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1 JOBB TASK AND AIMS 
The aim is to reduce the energy consumption for base load system and sustaining com-
fortable working conditions in the facility. The facility consists mainly of factory area, 
but also has office spaces. 
The information provided, is that the base load (ventilation, lighting and cooling) energy 
use is 25% of the total electricity consumption. The aim is to have the electricity for the 
building service systems reduced to below 20% of the total energy consumption.  
In the year 2015 Engel St.Valentin used 23 202MWh. Of that, 25% or 5 800MWh was 
used for building service systems. The aim is to get the base power consumption down 
to 4 640MWh, which equals a 1 160 MWh reduction in building technology systems 
electricity usage. 
  
The factory consists of six different parts that all have been built in different stages, the 
oldest being from the year 1987.  All the halls are constructed a bit differently from 
each other, which means that all proposed solutions will differ for each area. 
Since exact electricity consumption distribution information was not available, the cal-
culations are theoretical and based on estimates.     
 
2 ENERGY CONSUMPTION 
There has been a steady increase in power usage since 2005. With an estimated cost of 
105€/MWh , the years from 2005-2015 would look close to the table below. [1] 
 
Table 1 Overview of annual energy consumption  
Year  Energy, MWh € 
2005 17 375 1 824 375 
2006 16 120 1 692 600 
2007 17 175 1 803 375 
2008 17 010 1 786 050 
2009 14 040 1 474 200 
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Figure 1 Current electricity distribution in the factory 
 
Now, the total electricity consumption for base load is 5 800 MWh, and spread over 
51 275 m² equaling to 113 kWh/m². The target is to lower the annual energy use to 
4 640 MWh or to 90 kWh/m². 
A major part of the heating is from the district heating network, as well as from the heat 
load that the factory’s production machines are generating. 
 
The electricity usage can further be divided with in the building service systems to their 
own functional groups. 
 
2010 18 460 1 938 300 
2011 21 100 2 215 500 
2012 21 650 2 273 250 
2013 13 940 1 463 700 
2015 23 200 2 436 000 
25 % 
75 % 
Current electricity distribution in the 
factory 
Electricity for building
service systems, 5 800
MWh/a
Electricity for factory
machines 17 400, MWh/a
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Figure2 Electricity usage in different building technology systems 
 
Heating demand is not included in this thesis, as relevant data for district heating was 
not available.  
In later chapters, different solutions for heating and heat loss minimization are dis-
cussed.  
The calculations with electricity prices are based on Austrian electricity cost in year 
2016, which is 0,105 €/kWh  of which 0,025 €/kWh is network cost and 0,032 €/kWh is 
taxes and levies. District heating prices are 0,056 €/kWh Transmission fees and taxes 
was not available  
 
3 VENTILATION 
The air distribution system has the important part of making the indoor environment as 
thermally comfortable as possible, to achieve the highest productivity from. A success-
ful air distribution, air exchange and a ventilation system goes without notice. Meaning 
that there is no feeling of draft, the temperature stays the same and that the noise from 
the ventilation system stays within set values. 
In planning ventilation for different areas, the area specific demands should be taken in 
consideration, so that the values used for planning gives as high efficiency as possible. 
[2] 
 
35 % 
32 % 
15 % 
18 % 
Electricity usage in different building 
technology systems 
Air handling units, 2030
MWh/a
Lightning, 1883 MWh/a
Cooling, 861 MWh/a
Pumps,  1026 MWh/a
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3.1 Ducts, air terminal devices and air distribution 
Currently the air terminal units are mainly equipped with connection boxes, which give 
the possibility to adjust the air flow and to even out the air flow so that the air terminal 
units can work at their optimal capacity.  
When planning ventilation for a specific area, it is worth making the system as adapta-
ble as possible for future area purpose changes. This will limit the amount of installation 
work that must be done, if the purpose of the area is changed. Below is a list of things to 
consider for each area. 
-The target room condition (room temperature, the maximum air flow and air quality) 
-Room dimensions (width, length and height) 
-Heat loads and their location  
-The sources of impurities  
-Heat losses; especially windows and doors 
-The needed pressurization in the surrounding areas 
-Total air flow 
 
Most of the existing air terminal units are from when the factory first was built in 1987. 
The newest units are from 1990. Since majority of the equipment is from 1987, the cal-
culations are done with the year 1987. This means that the understanding of different 
ventilation units and technology development have developed quite a bit.  
The pictures below demonstrate that difference. To the left is an air terminal unit that is 
from 1987, which is designed to distribute air in different directions. The picture to the 
right is an example of a modern air terminal unit, which is designed to give maximum 
coverage while still giving a smooth airflow. [3] 
 
 
 
 
 
 
 
 
Figure 3 Existing air diffuser                      Figure 4 Schematics over how the cold impulse work 
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A modern perforated duct can provide correct supply of air flow exactly where it is de-
sired. Cold air impulses are mixed with ambient temperature in a short turbulence zone. 
And this results in a smooth air distribution with the optimum flow for thermal air dis-
placement.  
The more modern air diffusers have a more efficient way of adjusting the airflows to 
gain optimal airflow. A perforated air diffuser as seen above to the right will ensure op-
timal efficiency.  
3.2 Demand controlled ventilations systems 
The principle of demand controlled ventilation is to optimize air flow and pressure drop. 
It has the potential to lower energy consumption by over 30-70% in a facility, depend-
ing on the situation. However, demand controlled ventilation is best suited for areas 
where the “demand” varies a lot. Demand controlled ventilation system solution offers 
system parts that are calibrated to fit a new system or existing one. It communicates be-
tween a central computer, air handling unit and dampers via a control unit. It does real 
time adjustments on connected dampers and/or and units to optimize the position and 
balancing the whole system. The fans themselves are not able to react as quick and con-
stant rpm changing leads to more energy consumption, quick reaction by the automation 
system means that the air handling units does not worn out as much. In addition to low-
ering pressure drops, it makes the unit quieter. [4] 
 
3.3 AC-motors & EC-integral motors 
A clear majority of older asynchronous motors (AC-motors) use a pulley system.  
A normal AC-motor is powered by AC-current that causes variations in the magnetic 
field in the motor that makes the rotor turn in relation to the stator. 
 
A part of the input energy dissipates as heat in form of friction from the pulley drive. 
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Figure 5 AC motor with a pulley system at Engel 
 
An easy solution is to change the motors that are AC-powered with a pulley, to brush-
less motors (EC-integral motors) with direct drive. 
EC-integral motors have permanent magnets that create a magnetic field and DC to cre-
ate rotation. This construction means that a bigger part of the input energy creates rota-
tion and a smaller part dissipates as heat, which in turn leads to higher motor efficiency. 
 The EC-integral motors have a higher motor efficiency and are more consistent over 
the whole rpm field 10-100%.  [4]  
Currently the motors that handle’s the ventilation, have a combined nominal power of 
676, 9 kW. 
Since the oldest ones are almost 30 years old, the time is advantageous to change the old 
motors to newer EC-integral motors. 
Below is a chart that compares the AC and EC motors input power at any given rpm. 
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Figure 6 AC and EC motor comparison [4] 
 
As shown in the graph above, the general energy needed for EC-motors are substantially 
lower, than for AC-motors. Thou, the chart is showing the difference between a 500 W 
AC and EC motor, the same relation persists when scaled up. 
 
If we estimate that the motors are running in operation 5000h/annually, and that they 
operate at an average 60% of their total capacity, and if EC motors are 30% more ener-
gy efficient than AC motors. The installed fans have a total combined power of 677 kW. 
By using EC motors, with a 30 % reduction of the AC-motors total capacity, the value 
would be 473 kW. Using 105 €/MWh, we get the result in the table below. 
 
Table 2 AC versus EC comparison 
Motor Power, (kW) Time on,(h/a) % MWh/a €/a 
AC 677 5000 60% 2 030 213 150 € 
EC 473  5000 60% 1 540 161 700 € 
 
Rpm(%) 
Input Power (W) 
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The annual potential reduction is 490 MWh, which results in savings of 51 450€. 
Estimated replacement cost for one motor (installation not included) is 6 650€, and re-
placing every motor makes an approximated total investment cost of 272 650 €. 
With yearly savings of an estimated 51 450€, it puts the payback time at 5,3 years. 
 
 
Figure 7 Investment and operation costs 
 
The figure above shows the difference between AC and EC motors over a 20-year peri-
od. Even if the EC motors have a higher initial cost, the annual savings makes the in-
vestment cost worth it due to its payback time. 
3.4 New air handling units 
 
Ventilation causes a huge energy need in facilities, due to the demand of good indoor 
climate.  
The heat loss via ventilation is dependent on the air-change ratio. 
When dimensioning the airflow, either the floor area is used as a reference point, or 
number of persons occupying the respective area at any given time. 
Per Finland’s building code D2, the airflow is under normal conditions between 1-5 
(l/s)/m² or 6-15 l/s per person. The airflow can be higher in special cases.  
The air change rate for any given area should be more than 0,5 times the area’s air vol-
ume per hour. [5] 
0,00 € 
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2 000 000,00 € 
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3 000 000,00 € 
3 500 000,00 € 
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The heat loss caused by ventilation can be calculated with the following formula. [6] 
 
                                   
where 
Hiv  specific heat loss due to ventilation, W/K 
ρi  air density, 1,2 kg/m³ 
Cpi  air specific heat capacity, 1000 Ws/(kgK) 
qv,poisto  calculated exhaust air in normal use, m³/s 
td  average time the air handling unit is in operation per day, h/24 
tv  time the air handling unit is operating per week, days/ 7 days 
ηa    yearly efficiency for heat recovery from exhaust air, the relation between   
the energy that is recovered with heat recovery unit annually and the ener-
gy that is needed to heat the ventilation air when no heat is recovered. 
3.5 Fans  
 
The fans have a significant role in the power consumption. The electricity for a fan or 
the air handling unit is calculated with specific electricity, air flow and the operation 
time with the formula below [7]  
 
               ∑                     
Wair exchange  Energy consumption 
SFP  The air handling unit’s specific energy consumption, kW/(m³/s) 
qv  The fans or the air handling unit’s airflow, m³/s 
Δt  The air handling unit’s operation time during calculation period, h 
Wiv, muu Other energy consumption, kWh 
 
Demand controlled ventilations effect is calculated separately. Per Finland’s building 
code, the ventilation system should be designed so that the unit’s specific energy con-
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sumption does not go above the value of 2 kW/ (m³/s) for fan driven supply air, and ex-
haust air and 1 kW/(m³/s) for mechanical exhaust air. 
Specific fan power for the whole ventilation system is the sum of all the fans consumed 
electricity in kW, divided with the planned supply and exhaust air flow m³/s. [8] 
 
    
                           
    
 
 
SFP The fans or the air handling unit’s specific electricity consumption, 
kW/(m³/s) 
Psupply fan. The power for the supply air fan or air handling unit with power adjustment de-
vice, kW 
Pexhaust fan. The power for the exhaust air fan or air handling unit with power adjust-
ment device, kW 
qmax  The fans or the air handling unit’s airflow, m³/s 
 
The electricity consumption consists of the electricity that is consumed by all fans and 
any accessories, such as pumps. In case the ideal fan power cannot be seen from blue-
prints or from inspection, the values given in the table below is to be used.  
 
Table 3 Ventilation associated demand for electric power 
 
Ventilationsystem 
 
-2012 2012- 
Natural ventilation 0,0 kW/m³/s 0,0 kW/m³/s 
Fan controlled exhaust air 1,5 kW/m³/s 1,0 kW/m³/s 
Fan driven supply-/exhaust air 2,5 kW/m³/s 2,0 kW/m³/s 
 
The energy consumption in a single air handling unit, or process, can be noticed in the 
enthalpy’s change over time. [9] 
 
                      
 
Qp  The amount of heat needed during the process, kWh 
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qm  The mass flow, dry air, kg/s  
h1   The entering air enthalpy, kj/kg 
h2  The leaving air’s enthalpy, kj/kg   
Δt Change in time, h. 
 
When the electricity consumption of the process is calculated, it can be divided in to 
three energy categories. Electricity needed for the air handling unit (the fans), energy 
needed for heating and energy needed for cooling.  
Energy consumption is the amount of energy the supply system must produce to order 
to achieve the desired effect and outcome. 
 
The purchased energy is the energy that is, for example, bought from the electrical net-
work, district heating network, district cooling network and the energy contained in re-
newable or fossil fuel. 
 
To calculate the cooling need for ventilation, the COP (coefficient of performance) must 
be calculated. The formula takes in consideration all cooling appliances electrical con-
sumption, not only the compressors electricity need. The formula is: [10] 
 
 
     
  
   
 
 
Qc Cooling power (evaporator’s power), W 
∑Pi Total consumed power  
  
3.6 Energy calculation for new air handling units 
The facility has 33 air handling units with a capacity with at least 5 m³/s. Several these 
are original that have been modernized with a frequency converter. Since the machines 
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are added as the different factory parts have been built, the gap between the age of the 
units are not that great, even if all the units are old. Of the 33 air handling units, 21 are 
from 1987, the rest are added over the course of 3 years. The systems are either without 
or with inefficient heat recovery. 
The options are, to either keep using the system as it is, change the fan and the motor or 
change the air handling units all together.  
The values used in calculations are founded on the values of air density of 1,2 kg/m³, 
indoor temperature of 22°C , -and as the air handling units are set to blow in 18°C air. 
The air handling units are approximately on 4 000h/a. 
The heat recovery is calculated with 80%, and the pressure raise is calculated with 830 
Pa. 
The heating coefficient used for calculating the new AHUs values, is 0,5. 
The following part will use the formulas from earlier, to calculate the different options.  
The calculations will be founded on the heating degree day value of value of 3 300 Kd 
which is the value measured at the nearly located airport in Linz from the last year. [11] 
3.6.1 Existing air handling units 
The air handling units that have a airflow of 8,3 m³/s, the majority are from 1987. The 
fan efficiency is expected to be 55,1% and the fans are expected to have a SFP value of 
1,74 kW/(m³/s). 
Electricity 
To calculate the power needed for one air handling unit we use the following calcula-
tion: 
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Pel The electrical power supplied from the mains, kW 
qv Volume flow rate, m³/s 
      Pressure drop occurred in the AHU, kPa 
η Overall efficiency of the fan, motor and drives 
Calculating the annual energy need for the AHU motor with the following formula: 
      
       
 
         
 
Adding the numbers from earlier, the calculation gives the result: 
     
                
     
         
           
The annual electrical consumption is 50 MWh/a [11] 
 
Heating 
Once the electricity for the fan is known, the heating of the supply air is calculated for 
each hour of the year when the temperature is under 17°C, i.e. the air temperature dif-
ference between the outside air temperature and the wanted supply air temperature, di-
vided by number of hours per day. 
Take for example the coldest outside temperature, which is -19,9°C, the ΔT is 36,9°C. 
The formula for calculating the heat need is: 
                       el 
Calculating the heating power needed for the coldest hour: 
(          
  
 
    
  
  
      
  
  
  )                     
ρ Density of air, kg/m³ 
21 
 
Cp Specific heat, KJ/Kg*K  
Calculating for the coldest hour of the year which was -19,9 °C, the calculation takes 
every degree that is below 17°C and subtracts the outside temperature, and divides it 
with hours a day, 24. For the coldest hour, the calculation looks like; 
            
   
        
The annual heating need is 365 MWh/a. 
Cooling 
Calculating the cooling need can be done with the same formula as with heating, with 
the small adjustment of calculating every hour when the temperature is over 17 °C, and 
adding the adding the motor to the heat load. 
Considering the heat load that occurs in the AHU, the following formula is used: 
 
       
       
       
   
  
     
  
  
      
  
    
        
The warmest day, it was 31, 36°C and adding T ahu, gives an ΔT of 15,61°C.    
         (           )   el 
Calculating the heating power needed for the warmest hour: 
(            
  
 
    
  
  
      
  
  
  )  12,5 kW = 168 kW 
Calculating for the warmest hour of the year which was 31,36°C. The calculation takes 
every degree that is above 17°C and subtracts the it from the outside temperature, and 
divides it with hours a day, 24. For the warmest hour, the calculation looks like; 
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Doing so for each hour of the year the system is on, gives an annual heating need of 
55,4 MWh/a. 
By using a COP value of 3,0 the annual cooling need can be calculated 
         
   
 
    which gives the electricity needed to achieve the cooling needed: 
         
   
            
Table 4 Energy consumption of current AHU system, per unit 
Energy category Power, kW Energy, MWh/a Annual cost, €/a 
Electricity 12,5 50 5 250 
Heat 360 360 20 440 
Cooling 170 18,5 1 945 
    
Sum:   27 635 €/a 
3.6.2 New units 
A modern air handling unit from 2017 with an airflow of 8, 3 m³/s, is expected to have a 
fan with an efficiency of 72, 6% and a SFP value of 1, 38 kW/(m³/s).  
Electricity, new AHU 
Using the same formulas as with the existing system, the calculation would look like the 
following: 
    
        
 
 
And adding the values: 
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Calculating the annual energy need for the AHU motor with the following formula: 
      
       
 
         
 
Adding the numbers from earlier, the calculation gives the result: 
     
                
     
         
            
Heating, new AHU 
Since the new AHU system has heat recovery, this section takes into account that 80% 
of the supply air is already heated exhaust air. 
In order to calculate the heating need of a new AHU, the new theoretical exhaust air is 
to be calculated: 
             (
      
      
*                 
η h.rec  Heat recovery, % 
Calculating for the coldest hour with -19,9 °C: 
      (
    
  
 
   
  
 
,  (            )            
The next step is to calculate the theoretical supply air after the AHU.  
                              (        (
      
      
*+
                      
Adding the values gives: 
                  (
    
  
 
   
  
 
,  (            )              
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The air after the AHU is 3°C. Since the target indoor temperature is 18°C, it means that 
15°C is to be heated with other means. To calculate the energy needed to heat the air to 
its desired temperature, the same formula is used as when calculating heating need for 
the existing units. The ΔT of 15°C is used: 
(        
  
 
    
  
  
      
  
  
)                  
Calculating for the coldest hour of the year which was -19,9 °C, the calculation takes 
every degree that is below 17°C and subtracts the outside temperature, and divides it 
with hours a day, 24. For the coldest hour, the calculation looks like; 
            
   
        
Doing so for each hour the system is on, gives an annual heating need of 65 MWh/a. 
Cooling 
Calculating the cooling need can be done with the same formula as with heating, with 
the small adjustment of calculating every hour when the temperature is over 17 °C, and 
adding the adding the motor to the heat load. 
Taking into account the heat load that occurs in the AHU, the following formula is used: 
    
       
       
       
   
  
     
  
  
      
  
    
       
The warmest day, it was 31,36°C and adding T ahu, gives an ΔT of 15,31°C.    
                      el 
Calculating the power required for achieving the cooling needed: 
(          
  
 
    
  
  
      
  
  
)  12,5 kW = 153,25 kW 
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Calculating for every hour when the outside air temperature is over 17 °C, gives an an-
nual cooling need of 52,4MWh/a. By using a COP value of 3,0 the annual cooling need 
can be calculated 
         
   
     which gives the electricity needed to achieve the cool-
ing needed: 
         
   
          
Table 5 Energy consumption for new AHU system, per unit 
Energy category Power, kW Energy, MWh/a Annual cost, €/a 
Electricity 9,5 40 4 200 
Heat 140 65 3 640 
Cooling 155 17,5 1 840 
    
Sum:   9 680 €/a 
3.6.3 The difference between existing and replacement units 
The difference on an annual level per unit would be: annual energy savings obtainable 
with modernized ventilation system 
Table 6 Energy savings, per unit 
Energy category Energy, MWh/a Annual savings, €/a 
Electricity 10 1 050 
Heat 295 16 500 
Cooling 1 105 
   
Sum: 306 MWh/a 17 655 €/a 
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That means that one new unit, compared to an existing air handling unit, would annually 
save 17 655 €/a.If all the existing 21 air handling units were changed to modern ones, 
the estimated result would be: 
 
Table 7 Total saving potential  
Energy category Energy, MWh/a Annual savings, €/a 
Electricity 210 22 050 
Heat 6 200 347 000 
Cooling 20 1 500 
   
Sum: 6 430 MWh/a 463 050 €/a 
 
Estimating that one new air handling unit costs around 60 000€, it would mean that 21 
new units would be an estimated 1, 22 million €.  Having an estimated annual saving of 
463 050 €, would mean that the pay-back time would be 2,6 years.  
 
3.7 Conclusion 
Below is a comparison of the different options.  
 
Table 8 Comparison between different options 
 Changing motor + fan New air handling units 
Investment  272 650 € 1,22 million € 
Annual savings 490 MWh 6 430 MWh 
Annual savings 51 450 € 463 050 € 
Payback time 5,3 Years 2,6 Years 
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The investment and time to install a new fan and motor is much faster than having to 
install a new air handling unit. By installing new air handling units, a rearrangement of 
the exciting ductwork is needed to get the system as optimized as possible 
 By investing in new air handling units, the annual energy savings would by more than 
then times higher and would pay itself back in half the time. 
Noteworthy is that by converting the existing ventilation system to a system with heat 
recovery, the factory’s own heat load can produce the necessary heat needed in the win-
ter. 
Since the AHU are near their end of the lifecycle, the preferred option would be to 
change the AHU than replacing the existing fans and motors.  
4 COOLING AND HEATING 
A facility that has a volume of 667 967, 5 m³ need a system that provides cooling and 
heating. Since the temperature can vary from -15°C to +35 °C, the cooling and heating 
powers needed to reach target indoor climate can at times be very high. 
 One way to provide the facility with cooling in the summer and potentially heating in 
the winter would be with geothermal. The soil at the location is unknown, which means 
that an exact calculation is not possible.  
4.1 Geothermal 
Geothermal energy would be an optimal source for providing heating and cooling, since 
it has a very low annual operating cost, whilst being able to provide constant cooling or 
heating effect around the year. And since the wells can be operated for many decades, it 
is one of the most long lasting systems that have a very low annual operating cost. It is 
also can be a very flexible system. The idea of geothermal power is that the earth is at a 
constant temperature of 6-8 °C (depending on soil). It gives the ideal opportunity to 
have a cooling circuit in the summer and a heating circuit in the winter. [12] [13][14] 
The chart below shows monthly day degree days. The blue area indicates months when 
heating is needed and red indicates a month when cooling is needed. 
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Figure 8 Heating and cooling demand during the year[15] 
4.1.1 Cooling 
Cooling of the facility is needed for about 5 month of the year, and at its peak the indoor 
climate must be cooled down by 15 °C. The cooling need is mainly from the factory’s 
own heat load.   
Now, the facility has 4 cooling machines installed, which has a combined cooling power 
of 4 150 kW and a power consumption of 1 160 kW. Which means for each input kW it 
produces 3,6 kW cooling power. Since the property has limited space and the wells 
should be placed a minimum of 15 m of each other, the number of wells that estimated 
that could fit is 35 wells 
As stated, the soil at the location is unknown; an estimated theoretical value of 44 W/m 
is used in the calculations. This means, that for every meter drilled, the geothermal sys-
tem can provide 44 W cooling power. Calculating with 300 m well, would mean that, 
one well has the capacity (44W/m *300 m=) 13,2 kW. Estimating that the max well ca-
pacity at the premises is 35 wells, which would make the total cooling effect of the 
wells at 462 kW. 
Calculating with a simultaneity factor of 75% and hours of top effect 1 000h, we get 
that it produces an estimated 460 MWh of cooling energy. 
The soil circuit is calculated to have a ΔT of 4 °C on the return and supply line. 
To calculate the effect of the pump needed to the system, the flow in the system is to be 
calculated. For the calculations, the value of water is used: 
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It is estimated that the system has a drop of 800 kPa, and the motor to have an effect of 
45 kW.  Calculating with an on time of 1000h/a, the energy needed for the pump would 
be 45 MWh/a.The annual electricity for the pump would be 3 240€. 
Having 35 wells with 300 m per well, gives a total length of 10 500 m, that must be 
drilled.  Given an estimation that drilling one meter costs 25 €, with provided pipe, the 
total investment for the infrastructure would be: 
        
   
 
           
 
Addition to the wells, a conveyor is needed, and is estimated to cost 21 000€. 
The total investment for the system would be 283 500€, with an annual electricity cost 
of 4 700 €. In return the geothermal system can provide 462 MWh/a.  
The estimated payback time is around 16 years.  
 
 
Figure 9 Comparison of cooling system over time 
 
As illustrated in the diagram above, even if the geothermal cooling has the highest ini-
tial cost, the yearly operating cost make it the most efficient system in the length.  
The cooling machine would be a good solution if the time frame is 15 years. It irregular-
ity in the cooling machines line is that, it is calculated that they are changed after 15 
years of usage. 
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It is a system well suited for providing steady and cheap cooling and heating energy 
continuously and can easily be regulated. It would lower the usage of the existing cool-
ing machines, which reduces energy consumption, and lowers the need from district 
heating. The amount of cooling hour can be increased if needed, thus also increasing 
annual cooling energy gained from geothermal cooling. 
4.1.2 Heating 
Geothermal heating might not be necessary, since the factory itself produces massive 
heat load around the year, that, combined with new a AHU system makes a huge impact 
in the facility’s heating need.  
 
Heating and cooling 
Since heating and cooling use the same wells, to combine them into one system is an 
optimal solution. The total infrastructure is 262 000€, since the heating circuit uses the 
same wells as the cooling circuit. Additional investments must be done to have a func-
tioning heating circuit. A heat pump is around 180 000€. The total installation cost 
would be 442 000€, and an annual operating cost of 41 000 €/a with 105 €/MWh. 
This means an annual 1 125 MWh for heating, 460 MWh for cooling, and an annual 
production of 1 585 MWh/a. The whole system would have a payback time of 3,5 years. 
However, in this situation, the cooling aspect of geothermal energy is of more interest. 
 
5 LIGHTING 
 
The factory’s lights consist of linear fluorescent lights (LFL). The LFL are using much 
of the electricity in the factory 
Now, there are 7980 T5 fluorescent tubes, consuming 80W each for 126h/week, 52 
weeks/a. Since they are connected to a light sensor, it is assumed that on a yearly aver-
age they use about 45% of their max power.  
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One solution is to change the fluorescent tubes to LED tubes. They use on an average a 
third to half of what a LFL. In this case a 37W LED has almost the same lighting prop-
erties.  
Table 9 Difference between T5 fluorescent tubes and LED tubes in annual cost  
 
 
Above is a table that compares annual energy consumption between fluorescent  
tubes and LED tubes: 
On an annual level, the difference is 1 010 MWh. With an energy price of 105 €/MWh, 
it means annual savings in 106 050 €. 
Taking in to consideration that the life-time of a traditional fluorescent tube is proxi-
mately 20 000h, whereas the LED tube has a life-time of 50 000h. Furthermore, the flu-
orescent tubes tend not to have a shorter life-time when they are used with a dimmable 
system. [16][17] 
 
Table 10 The lifetime of the lamps and their cost. 
 Lifetime, h h/a (on) €/tube all lights 1 year 
LFL 20 000 6552 3,00€ 23 940 € 159 500 € 
LED 50 000 6552 32,00€ 255 360 € 318 000 € 
 
 
Below is a chart, which compares the both systems over a time of 21 years, using the 
data from the table above. The cost of the tubes is an estimation based on what is avail-
able in hardware stores. 
 W % Tubes/lamp Lamps h/week Weeks/a MWh/a €/a 
LFL 80 45%         6 1 330   126    52  1880 197 400 
LED 37 45%         6 1 330   126    52 870 91 350 
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Figure 10 Comparison of LFL and LED lights over time 
 
The chart above shows that the initial investment for the LED lights is higher, and does 
not include installation cost. However, the annual energy consumption of the fluores-
cent light makes it more expensive solution over time. Even if the LEDs have to be 
changed with an approximated 7 years’ interval, they are a more energy- and cost effec-
tively alternative. Another advantage with the LED lights, it is that heat load will be de-
creased, and therefore also the cooling need will decrease. 
6 PUMPS 
There are 113 pumps in the factory for various purposes.  The total capacity is 1 450 
m³/s and annual use of the pumps is 569 880 h. Depending on the pump, they work be-
tween 6 000 and 8760h/a. Changing all pumps would reduce noise and consumption of 
electricity.  
An offer from the pump manufacturer Wilo is used as a base for calculations.  
The calculations are done with an energy price of 105€/MWh (0,105 €/kWh). 
6.1 “Calculations for the pumps 
To begin the calculations, the offer report from Wilo is used. The table below illustrates 
the comparison between the existing pumps and the potential savings with the new ones. 
 
Table 11 Annual difference between existing and modern system 
0,00 € 
1 000 000,00 € 
2 000 000,00 € 
3 000 000,00 € 
4 000 000,00 € 
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 Existing New Existing New Savings/a Savings/a 
 MWh/a MWh/a €/a €/a MWh/a €/a 
Sum 1 025 615 107 625 64 575 410 43 050 
 
By changing the pumps, annual energy savings would be 43 050 €, and total energy re-
duction would be 40 % compared to the existing pumps 
6.2 Summary pumps 
The investment cost for the pumps is 253 000€. With a estimated annual savings of 43 
050 € it would put the payback time at 5,9 years. 
The potential electricity savings for replacing the pumps are 410 MWh/a. 
By replacing the pumps to more energy efficient ones, it also lowers the heat load in the 
factory, which in turns lowers the cooling demand.  
One thing that is worth examining closer is the pressure control. It can have huge saving 
potentials.  
7 PREVENTING UNNECCESARY HEAT GAIN 
The aim is to reduce heat gains and losses, as it reduces the cooling and heating needed 
and in return reduces electricity consumption. In this chapter, there are some sugges-
tions on how to reduce unwanted heat gain and losses. 
7.1  Night Solar 
NightSolar is a relative new system on the market that uses solar energy to pre-heat the 
incoming air or to cool the roof by using an effect called nocturnal radiation, and lowers 
heat gain through shading 
Since Engel in St.Valentin is at an location that both needs cooling and heating. 
Engel in St.Valentin has on the roof many rows of so-called pyramid sky-lights that 
have the window facing either north or west. This makes it so that the larger surface ar-
ea of the “sky-light pyramid” faces the sun for majority of the day. 
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Figure 11 The Engel factory in St.Valentin 
 
It gives a total sloped roof are facing the sun of 19 900 m². 
The NightSolar concept is an all-round system that can provide year around insulation 
in the form of air pockets between the original roof and the NightSolar installment. And 
it can provide night time cooling in the summer and in the winter time preheated air for 
ventilation. 
As well does virtually hinder direct heat gain from the roof while it protects the original 
roof. The NightSolar panels can be fitted on existing roofs, and on these panels, can be 
fitted with solar panels, if so should desire. [18] [19] 
7.1.1 Conduction  
The roof construction has now a theoretical calculated U-value of 0, 3 W/m².K. With 
the NightSolar, it would have a theoretical calculated U-value of 0,185 W/m².K. 
Calculating heat loss through the roof of conditions of Tin= 20 °C, Tout, a/avg. = 14 °C 
and with are of 19 900m², we can use the formula: [20] 
                 
And we get the theoretical heat loss values as following: 
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And on an annual level it would mean: 
                                           = 
 
                                            
 
That would mean a decrease in conduction heat loss of 120 MWh/a or 6 720 €/a. 
 
Table 12 Saving from NightSolar. 
 Existing NightSolar Saving tot 
Conduction 315 MWh/a 190 MWh/a 120 MWh 
    
Capital cost  ≈ 65 000 €  
SUM:   120 MWh/a 
The total annual savings would be 6 720 € and the payback time would be 9,6 Years. 
Area of heating in the winter is not included, since there was not enough data for mak-
ing calculations. 
8 WINDOWS 
In the chapter windows is a short explanation on how different windows and their val-
ues contribute to energy efficiency. In the oldest part is a window area of 3 684 m². 
8.1.1 Windows U-value 
The most notable area of interest is the windows in area BS1. 
They are from the time when BS1 was built, year 1987, and would mean that there were 
no U-value (overall heat transfer coefficient, W/m². K) restrictions in Austria. Exact 
theoretical U-value is unknown; however, an estimated theoretical U-value can be done. 
Since the windows are single glazed, the normal U-value is 5, 8 W/m².K.  
There are many modern-day windows that offer insulation of different degrees, from 
high insulation windows with argon filled windows with values of 0, 6 W/m². K to more 
commonly used windows with U-values of 1-2 W/m².K. Requirements in Finland are 
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that if the area is supposed to be warm the year around, the highest allowed value is 1 
W/m². K, and for a half-warm area the highest value is 1,4 W/m².K. 
Calculations are done with theoretical U-values of 5, 8 W/m². K and 1, 4 W/m².K. 
[21][22][23][24] 
 
Calculating total heat loss through the windows in Area1, following values can be used: 
[25] 
 
                 
 
Existing windows U-value: 5, 8 W/m². K 
Replacement window U-value: 1, 4 W/m². K 
Tin: 20 °C 
Tout.avg/a: 14 °C  
Window area: 3 684 m², 1 632 windows 
Hours annually: 8760 h 
 
             
 
    
                                     
          
 
               
 
    
                                      
          
 
And adding hours annually we get: 
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And the annual difference would be 852 MWh or 47 712€ in heating cost. 
 
37 
 
8.1.2 Windows g-value 
The g-value is total solar energy transmittance of a window. 
It composes of direct transmitted energy and the dispersion of heat from the glazed sur-
face due to absorption of solar radiation in the glass. 
Reducing the transmission (g-value) of the window reduces the solar irradiation of the 
interior of the building 
 
Below is an example of calculating total irradiance for a window. The example is using 
irradiance data from Stockholm in Sweden for south facing windows in Stockholm 
1986. Same irradiance data was not available for Austria. The data is to get an indica-
tive estimation of the irradiance for the window.: [25] 
 
Irradiance Gb,n = 634 W/m² 
Gd = 226 W/m² 
albedo = 0,2 
Solar income angle = 46, 4° 
            
 
  
                    
 
         
          
 
    
 
  
         
                  
        
 
          
         
 
            
 
        
 
  
    
 
  
   
 
  
         
 
Total calculated irradiance that hits the window is 617 W/m². The next step is to calcu-
late how much of the total irradiance reaches the inside of the window. 
Since it is the windows g-value that determines the transmittance, we can calculate the 
total transmitted radiation for different g-values. 
Assuming a g-value of 0.8 for the existing single glazing, 0,55 for new double glazed 
windows, IAM for one glazing 0,94 and for two (0,94*0,94=) ,0,88. Effective incidence 
angle for Id and Ig: 59°.  
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Transmittance for diffusion 0, 86*0, 86 = 0, 74, 
Total transmitted radiation:  
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This is 67 % of total transmittance heat gain. 
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This is 46% of total transmittance heat gain. 
 
That means a transmittance gain trough solar irradiation of 96 W/m². And since there is 
3 684 m² in BS1, it would put the total solar irradiation at 353 kW.  
Calculating with 10 h of daylight each day, 5 days a week during a 4-month summer 
period gives 800 h of sun, resulting in energy savings of 282 MWh/a. Or 282 MWh in 
cooling needed. 
 
Note that this is an example calculation on how much solar irradiation and a windows g-
value matter on energy efficiency, and that the g-value example is from Stockholm 
Sweden. Similar calculations can be done at Engel St.Valentin with the correct data. 
8.1.1 Window films 
An alternative to changing all the windows would be to use a film that has the potential 
to be installed without removing the existing windows.  
There are window films that can reduce both conductivity and solar heat gain through 
radiation.  
The windows at the factory are single paned, and the goal is to achieve as much natural 
light as possible. 
The film chosen is 3M PR20 which has the following properties: [26] 
 
U-value 5,8 W/m². K 
g-value 0,38 
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Since the U-value is the inverse of R, the values are converted to R to be added togeth-
er, before summing it up to a new U-value. 
 
Calculating the conduction for the window the total resistance would be: 
 
   
 
  
  
 
 
   
 
  
   
      
  
 
   
Converting back to U-value: 
 
     
  
   
    
 
  
   
Adding the solar film would increase the U-value of the window to 2,9 W/m². K 
Calculating the heat loss from the window with the film: 
               
 
    
                                      
         
 
And adding hours annually we get: 
 
                       
 
 
                          /a 
This result in an annual 561, 5 MWh reduction, and annual savings in 58 960€. 
 
Calculating the solar energy transmittance of a window with the film: 
            (        
 
  
*       (   
 
  
   
 
  
*             
 
That makes the transmittance difference through the window with the film 175 W/m². 
With a window area of 3 684 m², it makes the total solar radiation 644,7 kW and an an-
nual energy saving and cooling reduction of 515,7 MWh. 
 
The window film has the potential to reduce the cooling needed with 1 032 MWh/a, or 
108 360 €/a. 
And with an estimated installation cost of 130 €/m² the total investment cost would be 
480 000€ with a payback time of 4,4 years.  
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8.2 Window summary 
Changing all the windows in BS1 would be an expensive investment that would pay it-
self back in 10-15 years. It would not only reduce heat loss and gain through window; it 
would also provide the area with more natural light and a more controllable indoor cli-
mate. 
 
Using the window film has the potential of lowering cooling needed in the summer, and 
is easy to install, with a relatively fast payback time. 
9 OPTIMIZATION OF CURRENT SYSTEMS  
A big part of lowering energy consumption comes down to how optimized the current 
systems are. Changing units to newer and more energy efficient also reduces energy ef-
ficiency, but using the units outside their “comfort zone” has a huge impact. 
 
9.1 Ventilation 
Optimizing current systems will also reduce energy consumption. For example, by re-
ducing the air handling unit’s motor rpm by 20% can there be a 50% reduction in ener-
gy usage. Therefor it is never suggested that the motors should use 100% of their capac-
ity.  
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Figure12 Motor rpm versus power consumption [27] 
 
The airflow capacity is enough to change the factory’s air volume 1,77 (Air handling 
unit’s capacity: 1 183 000 m³/s, 667 968 m³ facility’s volume) times an hour and, so it is 
not an case of for little ventilation, most likely the current system is designed so that 
excess heat is “cooled” by having full ventilation on. And by having an optimized heat 
recovery for the air handling units, will reduce needed heating and cooling. An rpm 
“stopper” could be used to regulate the maximum rpm to 80-90 % 
10 SUMMARY 
In each of the analyzed areas are improvements that can be done and that potentially can 
have huge impacts on the total energy consumption.  Some of the areas are integrated in 
other areas which mean that they might have a more positive effect than calculated. 
Note that in some cases the investment does not include installation cost of the product, 
since there none prices available. Below is a table summarizing the results from the dif-
ferent energy areas.  
 
Table 15. Potential energy savings 
 
System Area Investment Savings 
MWh/a 
Savings 
€/a 
Payback-
time 
Ventilation      
 1) Motors and fan 272 650 € 490 MWh 51 450 € 5,3 years 
 2) AHU 1 220 000 €    
 Electricity  210 MWh 22 050 €  
 Heating  6 200 MWh 322 400 €  
 Cooling  20 MWh 2 100 €  
 Tot  6 430 MWh 346 550 € 3,5 Years 
Lights      
 LED 255 360 € 1 010 MWh 106 050 € 2,4 Years 
Geothermal      
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 Cooling 283 500 € 460 MWh 22 300 € 7,7 Years 
Pumps      
 Pumps 253 000 € 410 MWh 43 050 € 5,9 Years 
NightSolar      
 NightSolar, 
Conduction 
65 000 € 120 MWh 6 720 € 9,7 Years 
Windows      
 1)Windows -  852 MWh 47 710 € - 
   282 MWh 29 610 €  
 Tot  1 134 MWh 77 320 €  
      
 2)Window film 480 000 € 1 032 MWh 108 360 € 4,4 Years 
      
SUM: 1) With motors 
and fans and film 
1 609 510 € 3 473 MWh 337 930 € 4,7 Years 
 or     
 2)  With AHU 
and film 
2 557 000 €  9 462 MWh 632 190 € 4 years 
 
 
 
 
 
There are a couple of possibilities to choose from within the ventilation and window 
section, that effects the outcome. The first one being to replace the existing fans and 
motors, the other option being to change the entire unit. This option requires a recon-
struction of the current ventilation system.  
All in all there are improvements to be made and the improvements mentioned would 
get below the target reduction of 5% in demand for electricity. 
The electricity savings adds up to 1 910 MWh/a with ventilation option 1). With venti-
lation option 2, the electricity savings would be 1 630 MWh/a. Both options are over the 
target annual reduction of 1 160MWh/a. 
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In heating and cooling there is a potential to save 8 575 MWh/a, however, it would in-
clude more work and investment to achieve the goal. 
The reduction in annual energy use is also a significant reduction in the factory’s heat 
load. 
With the changes, the total electricity usage would be distributed: 
 
Figure 13 Electricity distributions in the factory, renewed 
And within the building service system: 
 
 
Figure 14 Electricity distributions in different building technology systems, renewed 
 
 
 
19 % 
81 % 
Electricity distribution in the factory, 
renewed 
Building service systems, 4 125
MWh/a
Factory machines,17 400
MWh/a
Tot: 21 525 MWh/a
45 % 
22 % 
17 % 
16 % 
Electricity distributions in different building 
technology systems, renewed 
Air handling units, 1 775
MWh/a
Lightning, 875 MWh/a
Cooling, 690 MWh/a
Pumps,  615 MWh/a
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11 CONCLUSION 
This thesis focuses on the energy consumption in the Engel factory in St.Valentin. The 
target was to lower the electricity consumption for building technology system by 1 160 
MWh/a,  
After the comparison between the existing systems and the new system, the result was 
that the annual electricity savings would be 1 630 MWh with updating the AHU units 
pumps and LED-lights. As for the heating and cooling, the new systems could have an 
annual energy savings potential of 8 575 MWh. The annual electricity savings translates 
to 117 360 €, with and energy price of 105 €/MWh. 
 
 
Table 13Potential savings 
System Area Investment Savings 
MWh/a 
Savings 
€/a 
Payback-
time 
Ventilation      
 1) Motors and fan 272 650 € 490 MWh 51 450 € 5,3 Years 
 or     
 2) AHU 1 220 000 €    
 Electricity  210 MWh 22 050 €  
 Heating  6 200 MWh 322 400 €  
 Cooling  20 MWh 2 100 €  
 Tot  6 430 MWh 346 550 € 3,5 Years 
Lights      
 LED 255 360 € 1 010 MWh 106 050 € 2,4 Years 
Geothermal      
 Cooling 283 500 € 460 MWh 22 300 € 7,7 Years 
Pumps      
 Pumps 253 000 € 410 MWh 43 050 € 5,9 Years 
NightSolar      
 NightSolar, 
Conduction 
65 000 € 120 MWh 6 720 € 9,7 Years 
Windows      
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 Windows - 852 MWh 47 710 € - 
   282 MWh 29 610 €  
 Tot  1 134 MWh 77 320 €  
 Window film 480 000 € 1 032 MWh 108 360 € 4,4 Years 
      
SUM: 1) With motors 
and fans 
1 603 000 € 3 473 MWh 337 930 € 4,7 Years 
 or     
 2)  With AHU 2 557 000 €  9 462 MWh 632 190 € 4 Years 
 
 
As seen in the table above, the different areas all have huge saving potentials. They all 
have a rather pricy investment cost, but considering the annual savings and the low pay-
back time, the investments are attractive. 
The fastest area to improve would be the lights, since they are quite easy to install and 
they have the shortest payback time. 
The improvement that would have the biggest impact would be the AHU system. A new 
AHU system has the possibility to reduce electricity, heating and cooling need. Also, 
would the system be quieter. The replacement of the AHU would be accompanied by an 
improvement to the indoor climate.   
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